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In this work, the self energies of pi0 and pi± up to one loop order have been calculated in the limit
of weak external magnetic field. The effective masses are explicitly dependent on the magnetic field
which are modified significantly for the pseudoscalar coupling due to weak field approximation of
the external field. On the other hand, for the pseudovector coupling, there is a modest increment in
the effective masses of the pions. These theoretical developments are relevant for the study of the
phenomenological aspect of mesons in the context of neutron stars as well as heavy ion collisions.
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2I. INTRODUCTION
The modifications due to the magnetic field on various theoretical estimates in heavy ion collisions as well as
neutron star have drawn significant attention in recent years [1–4]. As for example, in heavy ion collisions for off
central collisions, magnetic field can be ∼ 0.02 GeV 2 (at RHIC) and ∼ 0.3 GeV 2 (at LHC). On the other hand, field
strengths of ∼ 1015 Gauss can be found in some neutron stars. Thus, it will be worthwhile to calculate the mass
modification of pions in such scenarios because of the comparable mass and field strengths. For our purpose, we
use the Schwinger’s proper time approach for calculation of the magnetic field modified Fermionic propagators [5]. A
consistent calculation of the pion self energy has been presented for both the pseudo-scalar and pseudo-vector coupling
of the pion-nucleon Lagrangian. However, we present the results in absence of any medium. The modification of the
dispersion relations in presence of the medium and magnetic field will be reported shortly.
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FIG. 1. (a) represents the one-loop self-energy diagram for pi0 and (b) represents the same for pi±.
The pion-nucleon phenomenological Lagrangian is written as,
LPSint = −igpiΨ¯γ5(~τ · ~Φpi)Ψ (pseudo− scalar coupling) (1)
LPVint = −
fpi
mpi
Ψ¯′γ5γ
µ∂µ(τ.Φ
′
pi)Ψ
′ (pseudo− vector coupling) (2)
where LPSint and L
PV
int are the Lagrangians corresponding pseudo-scalar and pseudo-vector couplings respectively. In the
above equation, (Ψ,Ψ′) and (Φ,Φ′) are the nucleon and pion fields with the coupling constants gpi and fpi accordingly.
Therefore, the pion self energy at one loop order is given as,
Πpi(q) = −i
∫
d4k
(2π)4
Tr[{iΓ(q)}iSa(k){iΓ(−q)}iSb(k + q)] (3)
We consider the weak field approximation of the magnetic field on the propagators according to the condition (eB <<
m2pi) .Thus up to order (eB)
2, the Fermion propagators can be written as [6],
S(k) = S(0)(k) + eB S(1)(k) + (eB)2 S(2)(k) +O((eB)3) (4)
The form of S(1)(k) and S(2)(k) can be found in the Ref.[6]. Thus, using the modified propagator, we arrive at [6],
Πpi0(q)
PS = −
g2pi
2π2
[∫ 1
0
dx
[ (q2 −m2pi0)x(1− x)(m2 − 3q2x(1 − x))
∆R
+ (m2 − 3m2pi0 x(1− x)) log
∆R
m2 −m2
pi0
x(1 − x)
]
+
(eB)2
2
∫ 1
0
dxx(1 − x)
( 1
∆R
+
m2 + x(1− x)q2||
∆2R
)
+ (eB)2
{∫ 1
0
dx (1 − x)3
[ 1
∆R
+
q2x(1 − x) + q2⊥x(4x− 1) +m
2
3∆2R
+
2x2q2⊥[q
2x(1− x) +m2]
3∆3R
]
+
∫ 1
0
dx(1 − x)2
[ 1
∆R
−
q2⊥x(1− x)
∆2R
]}]
. (5)
3where ∆R = m
2
p − q
2x(1 − x). Similarly, Πpi±(q)
PS ,Πpi0(q)
PV and Πpi±(q)
PV can be derived likewise (for detailed
discussion please refer to Ref.[6]). Finally, defining the effective pion masses by the positions of the pole of the
propagator,
m∗ 2pi = m
2
pi +ReΠ(m
∗ 2
pi ,q = 0, B), (6)
we calculate the variation of the mass with respect to the weak magnetic field.
III. RESULTS
We present the variation of charged and uncharged pion masses with respect to the strength of the external magnetic
field (according to the condition (eB) << m2pi for the weak field regime). For our case, we show the results considering
both the pseudo-scalar and pseudo-vector interaction of the π − N Lagrangian in Figs.(1) and (2) respectively. We
observed that the effective pion mass decreases for the PS interaction, whereas there is a slight increase for the PV
interaction.
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FIG. 2. (Color online) Effective pion mass as a function of the magnetic field for PS and PV coupling.
IV. SUMMARY AND DISCUSSIONS
The motivation of the present work has been to analyse the contribution of the weak magnetic field on the pion
mass. We have introduced the weak magnetic field correction at one loop order through Schwinger’s proper time
method in the pion-nucleon Lagrangian. Our results show correction at (eB)2 order for the field effects on the pion
mass over the vacuum results. Finally, we have observed that the pion mass decreases for the PS coupling, whereas
for the PV coupling, there is a marginal enhancement in mass for both the charged and uncharged pions [6]. The
mass modification in medium due to magnetic field in realistic scenarios like neutron star or heavy ion collisions will
be reported shortly.
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